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© Absorbent web structure. 



© An absorbent web structure composed of a mixture of 5 
to 50% by weight of short fibers of a thermoplastic resin 
rendered hydrophilrc with a surface-active agent and 95 to 
50% by weight of cellulosic fibers, said thermoplastic short 
fibers being melt-bonded to impart self-supporting property 
to the web structure; wherein 

(i) said thermoplastic short fibers have been rendered 
hydrophilic by forming an aqueous slurry of the fibers 
containing a nonionic surface-active agent and then dehyd- 
rating the slurry, and 

(H) said nonionic surface-active agent has (a) an HLB 
value of from 2 to 20 and (b) a melting point equal to, or 
higher than, the temperature of the slurry at the time of said 
dehydrating treatment 
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ABSORBENT WEB STRUCTURE 
This invention relates to an absorbent web 
structure which can exhibit desired mechanical strength 
properties and excellent absorbing properties when used 

w und T\ ' diaPeP3 ' Sa " ltary napkins ' »»-«.., 
wound-treating pads, towels, etc. 

More specifically, this invention pertains to ' 

To it: web structure compMed bt * ^« "» 

to « by weight of short- fibers of a thermoplastic 
resin rendered hydrophilic with a surface-active agent 
and 95 to 5 o% by weight of cellulosic fibers s id 
thermoplastic short fibers being melt-bonded to impart 
self-supporting property to the structure, characterized 

(1) said thermoplastic short fibers are 
rendered hydrophilic by forming an aqueous slurry of 
the fibers containing a nonionic surface-active agent 
and then dehydrating the slurry, and 

(ii) said nonionic surface-active agent has 
(a) an HLB value of from 2 to ao and'. ,b, a mating 
point equal to, or higher than, the temperature of 

TIT?",*? ° f "« ^"ing treatment 

described in (1) above. 

Japanese Laid-Open Patent Publication No 
IWH/We discloses that a three-dimensional ab sent 
strut ure is obtained by mixing a celluloaio fibrl 
material such as wood pulp with fibers of a thermoplastic 
resin and consolidating the mixture under moderate hea 
and pressure, and used as disposable diapers, etc 
Japanese Laid-open Patent Publication No. 166U /1 58 0 
al o iscloses that a water-absorbent sheet obtained by 
dry sheet formation from a mixture of wood puip, ribers 
of a thermoplastic resin and a powder of a water-holding 
polymeric material such as an acrylic acid-grafted 
polyglucos, or saccharose polymer can be used as dis- 
posable diapers, etc. 

In these techniques, the thermoplastic fibrous 
material is desirably mixed as uniformly as possible 
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in the wood pulp, and the bonding treatment under heat 
melts and bonds the thermoplastic fibers and anchors 
the wood pulp at various points. It is known that such 
an absorbent web structure has increased entanglement 
of the individual fibers and excellent shape stability 
such as elasticity and recovery. 

If the amount of thermoplastic short fibers 
is large in such an absorbent web structure composed 
of a mixture of short fibers of thermoplastic resin 
and cellulosic fibers in which the thermoplastic fibers 
are melt-bonded to impart self-supporting property to 
the structure, the structure has improved mechanical 
strength, but cannot avoid a reduction in absorbing 
properties. The proportion of the thermoplastic short 
fibers used should therefore be determined depending 
upon the end uses by considering the mechanical properties 
and water absorbing properties of the final product. 

It is known on the other hand that in order 
to improve the hydr ophilicity of thermoplastic short 
fibers, their surface is treated with polyvinyl alcohol, 
polyacrylic acid,' etc. (Japanese Patent Publication 
No. 47049/1977 corresponding to U. S. Patent No. 3 , 920,508). 

When surface-active agents are spray-coated 
on these short fibers in order to improve their 
hydrophilicity , no great difference in the effect of 
rendering them hydrophilic is seen depending upon the 
types of the surfactants. 

Frequently, these short fibers are handled 
in-the form of an aqueous slurry. In particular, pulp- 
• like** short fibers (synthetic pulp) produced by a flashing 
method are in the form of an aqueous slurry in the 
final step of their production. It is desirable there- 
fore to improve their hydrophilicity while they are in 
the form of an aqueous slurry. 

If an attempt is made to improve the hydro- 
philicity of short fibers of thermoplastic resin by 
adding a surface-active agent to an aqueous slurry of 
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the thermoplastic short fibers and then dehydrating 
the slurry, it often results in unsatisfactory hydro- 
philicity or no improvement of hydrophilicity is 
obtained. 

We made investigations in order to overcome 
these .difficulties, and newly found that the type and 
HLB value of the surface-active agent used, and the 
relation between the melting point of the surface-active 
agent and the temperature of the aqueous slurry at 
the time of dehydration predominantly affect the absorb- 
ing properties, particularly the absorbency rate, of 
an absorbent web structure composed of short fibers of 
a thermoplastic resin rendered hydrophilic with the 
surface-active agent and cellulosic fibers, the thermo- 
plastic short fibers being melt-bonded to impart self- 
supporting property to the structure. 

We further studied the relation among these 
factors, and have now found that an absorbent web 
structure having much improved absorbing properties 
can be provided by using short fibers of thermoplastic 
resin rendered hydrophilic by a surface-active agent 
which are characterized by the following (i) and (ii). 

(i) The thermoplastic short fibers are 
rendered hydrophilic by first forming an aqueous slurry 
of the thermoplastic short fibers containing a nonionic 
surface-active agent and then dehydrating the slurry 



and 



(ii) the nonionic surface-active agent has 
(a) an HLB of from 2 to 20 and (b) a melting point 
equal to, or higher than, the temperature of the slurry 
at the time of dehydration in (i) above. 

It is an object of this invention therefore 
to provide an absorbent web structure which can exhibit 
desired mechanical strength properties and excellent 
absorbing properties. 

The above and other objects and advantages of 
this invention will become more apparent from the 
following description. 
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The absorbent web structure of this invention 
is composed of a mixture of 5 to 50% by weight of short 
fibers of a thermoplastic resin rendered hydrophilic 
by a surface-active agent and 95 to 50% by weight of 
5 cellulosic fibers, the thermoplastic short fibers being 
melt-bonded to impart self-supporting property to the 
structure, characterized in that the thermoplastic 
short fibers satisfy the conditions (i) and (ii). 

The melting point of the nonionic surface- 
10 active agent used in this invention is determined by 
JIS K-0064. 

The thermoplastic short fibers used in this 
invention may be obtained by melt-spinning a thermo- 
plastic resin, such as an olefin resin derived from one 

15 or more a-olefins, for example polyethylene, polypro- 
pylene, an ethylene/propylene copolymer, an ethylene/ 
1-butene copolymer or an ethylene/4-me thylpentene 
copolymer, by various methods, and then cutting the 
resulting filaments. There can also be used split 

20 yarns obtained by splitting a film of such a thermo- 
plastic resin as exemplified above, or pulp-like materials 
(referred to as synthetic pulp) obtained by the flash' 
spinning of the aforesaid thermoplastic resin. 

The synthetic pulp is preferred because it 

25 has good miscibility with the cellulosic fibers such 
as wood pulp of the absorbent web structure to provide 
a uniform mixture. A method for producing synthetic 
pulp is disclosed, for example, in Japanese Patent 
Publication No. 4704 9/1977 cited hereinabove. In the 

30 present invention, synthetic pulp treated with polyvinyl 
alcohol is preferred which is produced by using polyvinyl 
alcohol in the production of synthetic pulp. 

The surface-active agent used in this in- 
vention is nonionic, and has an HLB value in the range 

35 of 2 to 20. If the HLB value is smaller than 2 or larger 
than 20, sufficient hydrophilicity cannot be imparted 
to the thermoplastic short fibers. In order to improve 



10 
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absorbency, therefore, it is essential to use nonionic 
surface-active agents having an HLB value within the 
above-specified range as well as to satisfy the melting 
conditions and hydrophilicity-imparting treating 
conditions to be described in detail hereinbelow. 

Surfactants having an HLB outside the range 
specified in this invention, such as polyvinyl alcohol, 
are not used in the absorbency-improving treatment in 
accordance with this invention. The thermoplastic short 
fibers used in the hydrophilicity-imparting treatment 
of this invention in an aqueous slurry may be those which 
have already been treated with surfactants outside the 
scope of the nonionic surfactants used in this invention. 
It is essential that the melting point 
15 (determined by JIS K-0064) of the nonionic surface- 
active agent used in this invention be equal to, or 
higher than, the temperature of the aqueous slurry 
during dehydration in the hydrophilicity-imparting 
treatment in accordance with this invention. 
20 The synthetic pulp of thermoplastic resin 

assumes the state of an aqueous slurry of synthetic 
pulp in the final stage of its production, and is 
dehydrated. Under manufacturing conditions having 
good efficiency, the temperature of the aforesaid 
25 aqueous slurry is in the range of about 10 to about 
50 C. The melting point (JIS K-0064) of the nonionic 
surface-active agent used in this invention is desirably 
equal to, or higher than, the temperature of the aqueous 
slurry during dehydration, and is, for example in the 
range of about 20 to about 80°C, preferably about 30 
to about 80°C, especially preferably at least about 
50°C. 



30 



35 



Those surface-active agents which have a 
melting point (Jis K-0064) below the temperature of 
the aqueous slurry during the dehydrating treatment are 
liquid in the aqueous slurry, and therefore, their 
adhesion to the thermoplastic short fibers becomes poor, 
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Consequently, such surface-active agents are liable to 
escape during the dehydration treatment, and do not 
easily adhere to the thermoplastic short fibers. 

The nonionic surfactant used in this invention 
5 meets the above HLB and melting point requirements. 

Many surface-active compounds similar to the 
nonionic surfactants specified in this invention do 
not come within the range specified in this invention 
because of differences in molecular weight, degree of 
10 polymerization, degree of es terif ication , etc. Examples 
of preferred nonionic surfactants used in this invention 
are shown below, but they must further be screened to 
conform to the requirements set forth herein. 

Polyoxyethylene alkyl ethers, poly oxyethylene 
15 alkyl phenyl ethers (e.g., polyoxyethylene nonyl phenyl 
ether), polyoxyethylene fatty acid esters, sorbitan 
fatty acid esters (e.g., sorbitan monoleate , sorbitan 
monopalmitate , sorbitan sesquioleate ) , polyoxyethylene 
sorbitan fatty acid esters, and glycerin fatty acid 
20 esters (e.g., glycerin monostearate ) . Especially 

preferred are glycerin fatty acid esters having an HLB 
of 2 to 6 and a melting point (JIS K-0064) of AO to 
80°C, sorbitan fatty acid esters having an HLB of 2 to 
8 and a melting point (JIS K-0064) of 20 to 80°C f and 
25 polyoxyethylene alkyl phenyl ethers having an HLB of 

8 to 20 and a melting point (JIS K-0064 ) of 10 to 50°C. 

The thermoplastic short fibers used in this 
invention are prepared by forming an aqueous slurry 
of the fibers containing a nonionic surface-active 
30 agent meeting the requirements given in this invention, 
and then dehydrating the aqueous slurry. As necessary, 
the dehydrated product may be dried. The preferred 
take-up of the surfactant in the resulting thermoplastic 
short fibers is about 0.1 to about 5% by weight based on 
35 the weight of the fibers. 

Examples of the cellulosic fibers, the. other 
component of the absorbent web structure of this 
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invention include various wood pulps and regenerated 
cellulosic. fibers such as acetate fibers and viscose 
fibers. 

The absorbent web structure of this invention 
is composed of a mixture of 5 to 50% by weight of the 
thermoplastic resin short fibers treated with a nonionic 
surfactant as stated hereinabove and 95 to 50% by weight 
of the cellulosic fibers. The mixture may be obtained 
aj/fit-or dry sheet forming process. 

The web structure of the invention can be 
(obtained by heating the dry or wet web-like material 
: composed of the above mixture to melt-bond the thermo- 
plastic short fibers. 

If the proportion of the thermoplastic short 
fibers is less than 5% by weight, scarcely any improve- 
ment in mechanical strength is obtained by the melt- 
bonding treatment. If, on the other hand, it exceeds 
50% by weight, a reduction in absorbency cannot be 
avoided. 

The melt-bonding treatment of the thermoplastic 
short fibers can be effected, for example, by using 
an air oven, an infrared heater, etc. The heating 
temperature may vary depending upon the type of the 
thermoplastic resin constituting the thermoplastic 
short fibers, but is preferably from the melting point 
of the thermoplastic resin used to a temperature about 
50 C higher than it. 

The bulk density of the absorbent web 
structure of this invention can be adjusted to some 
extent by the melt-bonding treatment of the thermo- 
plastic short fibers. If desired, products of varying 
bulk densities can be obtained by performing a moderate 
press treatment simultaneously with the melt-bonding 
treatment. 

The absorbent web structure of this invention 
may include another water-holding material in order to 
improve its absorbency further. For example, fine 
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particles of various polymeric electrolytes can be used 
as such a water-holding material, as disclosed in the 
above-cited Japanese Laid-Open Patent Publication No. 
16611/1980. Preferred water-holding materials include, 
for example, polymers resulting from grafting of a vinyl 
compound, such as acrylic acid or aery lonitrile , which 
has a hydrophilic group or a group convertible to a 
hydrophilic group by hydrolysis to polyglucose or 
saccharose such as wood pulp, cotton or starch, and 
hydrolysis products of such graft polymers. 

The absorbent web structure of this invention 
has especially good penetrability of an aqueous liquid 
(absorbency rate), and excellent mechanical properties 
such as elasticity and recovery. It further has 
excellent properties suitable for use as disposable 
diapers, sanitary napkins, medical sponges, wound- 
treating pads, towels, etc. Depending upon the ultimate 
uses, an outer covering material having reduced water- 
holding property or a water-impervious lining material 
may be laminated to the web structure of this invention. 

The following examples illustrate the present 
invention in greater detail. 
Example 1 

Twenty grams of synthetic pulp (average 
fiber length 0.9 mm) of flash-spun fibers of high- 
density polyethylene was put in 1 liter of water kept 
at 4 0°C, and 150 mg of glycerin monostearate (HLB 3.2; 
melting point, JIS K-0064, 55°C) was added. The mixture 
was stirred to form an aqueous slurry. The aqueous 
slurry (A0°C) was dehydrated between wire gauzes until 
its water content was decreased to 30% by weight, and 
then dried under heat. 

The resulting synthetic pulp had 0.75% by weight 
of glycerin monostearate adhering to its surface. 

Twelve grams of the synthetic pulp and 48g of 
crushed pulp were uniformly mixed, and subjected to a dry 
sheet forming process to form a web having a basis weight 
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of 375 g/m . The web was treated in an air oven at 
150°C for 10 minutes to melt-bond the fibers of the 
synthetic pulp. 

In accordance with No. 33-80 "Determination 
of Water Absorbency Rate of Bibulous Paper (Water Drop 
Method)" in J. TAPPI Testing Methods for Paper and 
Pulp, the resulting absorbent web structure was laid 
horizontally. One cubic centimeter of tap water at 
20 ± 2 C was added dropwise by means of a syringe. 
The time required for the water droplets to completely 
penetrate into the inside of the test sample from its 
surface was measured. It was 0.7 second. 
Examples 2 to 6 and Comparative Examples 1 to 7 

Twenty grams of cut fibers of polypropylene 
(3 denier x 5 mm; P-Chop, a trade name for a product of 
Chisso Co., Ltd.) were put in 1 liter of water kept at 
23°C, and 200 mg of each of the surface-active agents 
indicated in Table 1 was added. The mixture was stirred 
to form an aqueous slurry. The slurry (23°C) was 
dehydrated between wire gauzes until its water content 
was decreased to 30% by weight, and then dried under 
heat. 

Using the treated cut fibers, a web was 
produced in the same way as in Example 1. The web was 
treated in an air oven at each of the temperatures 
shown in Table 1 for 5 minutes to melt-bond the cut 
fibers. 

The products were tested as in Example 1 
for hydrophilic properties, and the results are shown 
in Table 1. 
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CLAIMS 

'I . . ^ !° rbent "* StrUCtUre <* a fixture 

of 5 to 5* by weight of short fibers of a thermoplastic 

ZZ Va t 1 * hYdr0pM11<: W " h * -face-sotive agent and 
95 to 5<* by weight of cellulosic fibers, said thermo- 
plastic short fibers being melt-bonded to impart self- 
supporting property to the web structure; characterized 
in tnat 

(i) said thermoplastic short fibers have been 
rendered hydrophilic by forming an aqueous slurry of the 

IT '1 TT a±ning " n ° ni0niC surf — tive agent and 
then dehydrating the slurry, and 

(ii) said nonionic surface- active agent has (a) an 
HLB value of from 2 to 20 and (b) a melting point equal 
to, or higher than, the temperature of the slurry afthe 
time of said dehydrating treatment. 

2. A structure according to claim 1 wherein a 
synthetic pulp composed of flash-spun fibers of the 
thermoplastic resin is used in (i). 

3. a structure according to claim 2 wherein the 
synthetic pulp is a synthetic pulp treated with polyvinyl 

tL * A St " UCtUrS aCCOrdin ^ to claim 1, 2 or 3 wherein 
the temperature of the slurry at the time of said 
dehydrating treatment is not more than 50 °c. 
5- A structure according to any one of the precedina 

claims wherein the take-up of the nonionic surface! 

^^'^ therm ° plastic fibers is 0.1 to 

5X by we^t>€ a? ed. on the weight of the fibers 

6. A structure according to any one of the preceding 
claims wherein the nonionic surface-active agent has a 
meltmg point of at least about 50 °c. 

7. A structure according to any one of the preceding 
claims wherein the thermoplastic resin i s an olefin 



resin 
8. 



A etructure according to any one of the preceding 
claims wherein the melt-bonding temperature is from the 
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melting point of the thermoplastic resin to a 
temperature about 50 °C higher than it. 
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